Background. The aim of the third French Phosphorus and Calcium Observatory (Photo-Graphe V R 3) was to assess the achievement of international Kidney Disease: Improving Global Outcomes (KDIGO) recommendations on optimal serum phosphate, calcium and parathyroid hormone (PTH) levels and possible associations with mortality in patients with chronic kidney disease (CKD).
INTRODUCTION
Advanced chronic kidney disease (CKD) is a powerful risk factor for all-cause and cardiovascular (CV) mortality [1] . A systematic review of 35 studies, published in 2009, showed that a significant part of the excessive risk of mortality (CV and all-cause mortality) and of CV events was associated with the mineral and bone disorder of CKD (CKD-MBD) [2] . This issue was mainly studied and reported in dialysis patients [2, 3] .
The Kidney Disease Outcomes Quality Initiative (KDOQI) guidelines in the USA for CKD-MBD were published in 2003 [4] . The KDOQI guidelines focused and recommended to maintain serum phosphate, calcium and parathyroid hormone (PTH) within narrow ranges, although adherence to the recommended target ranges has proved challenging [5] [6] [7] [8] . Six years later, the international Kidney Disease: Improving Global Outcomes (KDIGO) guideline for CKD-MBD became available, with serum phosphate, calcium and PTH targets different from those of the KDOQI guidelines [3] . However, the evidence supporting these guidelines has been challenged subsequently as it was mainly based on retrospective observational studies [9, 10] . Of particular concern is the fact that for non-dialysis-dependent CKD Stages 3-5, even observational evidence has remained scarce.
The 2009 KDIGO clinical practice guideline on the management of CKD-MBD was updated in 2017 and is intended to assist the practitioner caring for adults and children with CKD Stages 3-5, on long-term dialysis therapy, or with a kidney transplant [3, 11] . This guideline has been endorsed in Europe since 2010 [12] . However, effective management of CKD-MBD includes a substantial effort on the part of patients to be adherent with dietary restrictions, thrice daily doses of oral phosphate binders, and, for many patients, regular use of several other oral medications [13, 14] . Following the release of the 2009 KDIGO guideline, several studies have estimated the percentage of patients achieving 2009 KDIGO targets for CKD-MBD [15] . A recent report based on a large international sample of chronic haemodialysis patients showed that the treatment approaches for secondary hyperparathyroidism had changed between 1996 and 2011 and that serum PTH levels had increased in most countries [15] . To the best of our knowledge, no information is available on the proportion of patients who reach KDIGO target ranges in CKD Stages 3-5 before the initiation of renal replacement therapy [16, 17] .
The main objective of the observational Photo-Graphe V R 3 study in France was to estimate the percentage of CKD Stages 4-5 and 5D patients (patients with CKD requiring dialysis) who achieved the target ranges suggested by the 2009 KDIGO guideline. A secondary objective was to investigate the relationship between the control of mineral metabolism and patient outcomes. We report here the results of the study in non-dialysis CKD Stages 4-5 patients regarding the 2009 and 2017 KDIGO guidelines.
MATERIALS AND METHODS

Population
The French Phosphorus and Calcium Observatory (Photo-Graphe
3) is a prospective, multicentre, epidemiological observational study undertaken by nephrologists in France. The primary objective of the study was to estimate the percentage of CKD patients achieving 2009 KDIGO recommendations for the three main, routinely measured parameters of calcium and phosphate metabolism [serum phosphate, serum calcium and serum intact PTH (iPTH)] over a 3.5-year follow-up period (once every 6 months for 2.5 years and then 12 months thereafter). Nephrologists working in public, private and community centres were invited to participate. A total of 70 active nephrologists included 736 subjects out of the theoretical sample size of 1328 non-dialysis patients. The theoretical sample size was calculated to obtain a 2.5% precision of a 95% confidence interval of the prevalence of patients achieving 2009 KDIGO recommendations. Nephrologists were selected using a clustering approach, where clusters (nephrologists) were randomly drawn, in respect of geographical distribution and type of practice. The study was proposed to nephrologists in chronological order in the drawn list, until the number of required clusters was reached. Patients were selected within each cluster in chronological order.
All adult patients referred for the first time to the nephrologist and with Stage 4 or 5 CKD who were not yet receiving dialysis therapy, and had no kidney graft history, were eligible.
Data collection
Clinical events, serum biochemistry data and information on the treatment of CKD patients were collected at the above fixed time points. The following data were retrieved: laboratory parameters [serum levels of C-reactive protein, phosphate, calcium, iPTH, alkaline phosphatase both total and bone-specific enzymes], 25-hydroxyvitamin D [25(OH)D], albumin, low-density lipoprotein cholesterol, ferritin, transferrin saturation, blood haemoglobin (Hb) concentration, glycated Hb level, demographics, blood pressure, CV and valvular calcifications, current treatments {medications to control serum phosphate, vitamin D [oral or intravenous (IV) route], erythropoiesis stimulating agent (ESA), IV iron, hypolipidaemic drug, antihypertensive, oral anticoagulant and anticonvulsive}, history of parathyroidectomy, hospitalizations, bone fracture and CV events. Patient status (on dialysis, dead, lost to follow-up, moved to another centre and kidney transplantation) was also recorded during follow-up. All laboratory evaluations were performed locally.
Patients were prospectively enrolled between October 2010 and October 2012. Data were collected every 6 months between October 2010 and April 2013 and then lastly in April 2014. Therefore, seven data collections were available for some patients included in October 2010, whereas patients included in October 2012 had a maximum of three data collections.
Data were entered in an electronic case report system (Photo-Graph TM software developed by Genzyme S.A.S. then Sanofi France). Data collected in each region were anonymized at each patient level and then centralized by regional coordinators. After regional data collection was completed, 19 regional electronic files were transferred after centre anonymization to the national coordinating centre for data processing. Thus, data collection was performed with respect to patient's anonymity at the regional and national levels. Inconsistencies were checked after consolidation of national data. The national coordinator might ask for data correction or deletion. As data were handled in an anonymous way, data source verification was not planned. This study was conducted according to French regulatory rules and good clinical practices.
Statistical analysis
Statistical analyses were performed using SAS/STAT 14.1 (SAS Institute Inc., Cary, NC, USA). Statistical analysis is at the patient level. Patients who discontinued the study after the baseline visit were excluded from all survival analyses. Patients who started dialysis therapy or were transplanted or lost to follow-up were included in analyses to the point of study discontinuation. Statistical analyses were independently performed in each population (CKD Stage 4 and CKD Stage 5) except survival analysis. Standard descriptive statistics were used for demographic, biological and clinical data, to determine mean and standard deviation for normally distributed data, and median and 25th and 75th percentile values for non-normally distributed data. No replacement of missing data was performed and, therefore, the number of patients with documented laboratory data may change according to the time point.
The percentage of patients achieving the three KDIGO targets, according to the 2009 and 2017 guideline, respectively, was estimated at inclusion and at each following determination (abnormal PTH value was defined as an iPTH value above the upper normal limit of the assay kit). The evolution of the percentage of patients achieving the main three KDIGO targets was evaluated using a generalized estimating equation (GEE) model on available data with a binomial distribution and a logit function. As the study was performed at the time of the 2009 KDIGO guideline, this analysis was restricted to the 2009 KDIGO targets. Furthermore, for serum phosphate and calcium levels and, at each data collection, patients were classified into three groups according to normal laboratory ranges: patients below, within and above normal ranges. Normal ranges were 2.15-2.55 and 0.9-1.4 mmol/L for serum calcium and phosphate, respectively.
In addition, for the analysis of the comparison with the 2017 KDIGO guidelines and starting from the 6-month time point, abnormal PTH was defined as two consecutive values above the upper normal limit of the laboratory kit or >5% increase in the second consecutive PTH determination compared with the previous one, whatever the interval between two time points. Modifiable factors were hyperphosphataemia and hypocalcaemia at the time of the second PTH determination.
The survival curves were plotted using the Kaplan-Meier method and the differences in survival were determined using a log-rank test. A Cox proportional hazards model was used to identify the factors measured at baseline and significantly associated with survival using a backward selection method. The backward selection was started with all variables significant at the 0.20 threshold level in univariate analysis and after the proportional hazards assumption has been checked. The significance level for removing an explanatory variable from the model was set at 0.10, with comparison between two adjacent models using Akaike's information criterion. Interactions between two variables were tested on the final model. All tested factors were recorded at inclusion.
RESULTS
Patient population
Overall, 566 CKD Stage 4 patients and 153 CKD Stage 5 patients were included. More than half of the patients were males: 316 (56%) CKD Stage 4 patients and 95 (62%) CKD Stage 5 patients. Patient characteristics at inclusion are shown in Table 1 . After inclusion and whatever the time point, serum 25(OH)D was available in few patients and was not included in further analyses.
Achievement of KDIGO targets
The evolution of serum calcium and serum phosphate over time is displayed in Figure 1 . The percentage of patients achieving the three main 2009 KDIGO targets remained between 14% and 15% during the first 2 years and slightly increased thereafter, reaching a maximum of 22% at 2.5 years in CKD Stage 4 patients, and remained <6% throughout the study in CKD Stage 5 patients. Slightly more patients fulfilled the three mains 2017 KDIGO targets whatever the time (Table 2) .
In Stage 4, the percentage of patients achieving 2009 KDIGO targets for serum phosphate decreased over time (P ¼ 0.0001), while no significant trend was observed over time either for calcium (P ¼ 0.90), PTH (P ¼ 0.36) or the three parameters combined (P ¼ 0.12). In Stage 5, no significant trend was reported over time for serum phosphate (P ¼ 0.80), calcium (P ¼ 0.47), PTH (P ¼ 0.77) or the three parameters combined (P ¼ 0.66).
As expected, at each data collection and in both CKD stages, 2009 KDIGO targets were not fulfilled most often because serum calcium and phosphate levels were below and above KDIGO targets, respectively (Table 3) .
Using the 2017 KDIGO guideline, abnormal PTH level corresponded mainly to two consecutive iPTH above the upper normal limit of the assay kit (Table 4) . Whatever the time, >50% of the patients have an abnormal iPTH value. Moreover, >30% of the Stage 4 patients and >50% of the patients with abnormal iPTH have concomitant hyperphosphataemia and/or hypocalcaemia whatever the time (Table 4) .
CKD-MBD-directed therapies at each data collection time point are displayed in Table 5 . The number of patients receiving various treatments decreased over time for most drugs: any vitamin D sterol, any phosphate binder and any calcium salt; in contrast, cinacalcet slightly rose. However, for some time periods, the effective of patients is very low, precluding any reasonable interpretation. were lost to follow-up at the end of the study. The 157 patients lost to follow-up were significantly older (median age 77 versus 73 years, P < 0.001) and less often patients with diabetes (10% versus 35%, P < 0.0001) than the other patients. No statistically significant differences in gender and glomerular filtration rate were observed between patients lost to follow-up and the others.
Survival analysis
No statistically significant difference in survival was observed between the two CKD stages (P ¼ 0.10) (Figure 2) .
Age, history of CV disease, Hb and albumin levels, treatment with an ESA, IV iron and classes of serum phosphate and calcium at inclusion were associated with survival in univariate analysis (Table 6 ). In multivariable analysis, only two of those parameters were selected by the backward selection method: older age and lower blood Hb level were associated with an increased risk of overall mortality over the study period (Table 6) .
DISCUSSION
This is the first study showing that it is quite difficult to achieve KDIGO CKD-MBD targets in patients with Stages 4 and 5 CKD. Patients with CKD are stratified using five stages based on glomerular filtration rate [3, 18] , and taking into account the degree of albuminuria as well [18] . The CKD staging system is useful in many regards, including the prediction of the associated comorbidities [18] . A review of data from 19 general-population studies from 13 European countries showed considerable differences in both CKD Stages 1-5 and CKD Stages 3-5 prevalence across European study populations. The adjusted CKD Stages 1-5 prevalence varied between 3.31% in Norway and 17.3% in Northeast Germany. The adjusted CKD Stages 3-5 prevalence varied between 1.0% in Central Italy and 5.9% in Northeast Germany [19] . In this context, the Photo-Graphe V R 3 is one of the most recent and largest European prospective studies, specifically aimed at assessing disturbances of phosphate, calcium and PTH metabolism.
The present analysis confirms that adherence to the recommended target ranges for serum PTH, phosphate and calcium remains challenging despite several therapeutic advances.
In particular, the proportion of patients who achieved the individual 2009 KDIGO target, after 2 years and 3.5 years, for serum PTH was $25% and $10% in Stage 4 CKD and Stage 5 CKD, respectively. Note that the 2009 KDIGO guideline suggested not to routinely prescribe vitamin D supplements or vitamin D analogues, in the absence of suspected or documented deficiency, for the control of elevated PTH concentrations in people with CKD not on dialysis [20] . This could explain the high percentage of patients receiving no vitamin D supplement at inclusion in the present study.
The proportion of patients achieving the individual 2009 KDIGO target for serum phosphate decreased significantly from 74% at inclusion to 61% after 3.5 years in CKD Stage 4 and was mainly related to the increase in the percentage of patients with serum phosphate above the target range. This fact, not unexpected since the CKD progression leads to a further impairment in renal phosphate excretion, might have been limited through a more intensive control, including phosphate binders prescription. No significant trend over time was observed for that parameter in CKD Stage 5 patients. As to serum calcium, no significant trend was observed over time in the proportion of Continuous data are presented as mean 6 standard deviation or median (25%; 75%); categorical data are presented as n (%) patients. a GFR ¼ glomerular filtration rate calculated using the modification of the diet in renal disease formula.
likely been the same. Clearly, more studies are needed in order to understand the reason why so many CKD patients failed to achieve the KDIGO targets and to find out how guideline compliance can be improved, or to realize that the guideline may not be appropriate for very advanced stages of CKD. Information obtained on 25(OH)D seems of interest. At inclusion, nearly 80% of CKD patients were assessed for serum concentration. However, the mean serum 25(OH)D was 60 ng/mL whatever the stage, quite below the 75 ng/mL minimal value, indicating that >60% of patients were vitamin D deficient. This is to be paralleled to the number of patients receiving a vitamin D supplement (50% at Stage 4 and 54% at Stage 5) . Altogether, these data may suggest some improvement in care at these predialysis stages.
The longitudinal analysis of CKD-MBD-directed therapy reported a decrease in most prescribed drugs (Table 5 ). This is interesting to note because at the same time, the control for serum calcium, PTH and phosphorus could have been improved. It is important to point out this fact since these data have been obtained through a well-designed prospective longitudinal study, which further suggests that in the real life, results might have been even poorer.
As expected, more Stage 5 patients started dialysis than Stage 4 patients and underwent kidney transplantation over the study period (27% versus 6% and 5% versus 3%, respectively). Overall, 81 (14%) patients with CKD Stage 4 and 15 (10%) patients with CKD Stage 5 died within 3.5 years. In the 20th century, CKD replaced infection and malnutrition as leading causes of mortality in the general population [21] . Individuals with CKD have an increased risk of all-cause mortality, mainly from CV disease [2, 22] . Somewhat surprisingly, the 1-and 2-year survival rates (68% and 47%) among CKD Stage 5 patients aged >75 years and not undergoing dialysis were found to be lower than survival rates of patients receiving dialysis therapy (84% and 76%), suggesting a selection bias in patients referred to maintenance dialysis [23] . However, even early CKD patients have poorer survival than people of comparable age in the general population, with $25% among them dying before reaching end-stage kidney disease [24] .
The present study has several limitations. First, centres that participated on a voluntary basis were likely to be more interested in correcting CKD-MBD in their patients than those who did not join the study group. On the other hand, the high number of unavailable CKD-MBD laboratory parameters suggests that even in that population, compliance to the guidelines for the management of those patients is low. Secondly, the percentage of patients lost to follow-up over 3.5 years was 22% in patients with CKD Stage 4 and 20% in patients with CKD Stage 5. n (%) patients with available data. Starting from the third determination, the time between two determinations is 6 months or 1 year depending on time of patient inclusion in the study.
a Achievement defined as serial assessment and the three parameters less than the upper normal limit, for serum iPTH upper normal limit of the assay kit. n (%) patients receiving the corresponding therapy at each data collection time point. Such relatively high rates may have biased our interpretation of the results; loss to follow-up of 10% would have been desirable. Patients lost to follow-up were significantly older than those who remained in the study. Missing information on them was probably mainly due to deaths unknown to the treating physician. Because of the small number of deaths, the power of the survival analysis was low, but the survival curves are in favour of no real difference in all-cause mortality risk between CKD Stage 4 and CKD Stage 5 patients.
In conclusion, the present study shows that only few patients eventually achieved the 2009 KDIGO targets. In the present study older age and lower blood Hb levels, but abnormal serum calcium, phosphate or PTH, were not associated with an increased risk of all-cause mortality.
With the inherent limitation of its small size and the possibility that some patients have been lost to follow-up because of death, this study does not support that the achievement of KDIGO CKD-MBD targets is associated with better survival in patients with CKD Stage 4 or 5. All variables are variables measured at inclusion. CI, confidence interval.
Backward selection was started with all variables significant at the 0.20 threshold level in univariate analysis. The significance level for removing an explanatory variable from the model was set at 0.10, with comparison between two adjacent models using Akaike's information criterion. Interactions between two variables were tested on the final model.
